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Means for identifying Neisseria meningitidis-specific genes. 



The invention relates to means for identifying genes specific to 
Neisseria meningitidis (Nm In abstract). It also relates to these genes and 
5 their biological applications. 

Nm is a strictly human bacteria which does not survive in the external 
environment. It's only known reservoir is the nasopharynx of humans. In 
certain circumstances which are still little understood, this bacteria will leave 
the nasopharynx, infiltrate the blood in circulation and cause septicaemia 

10 and/or meningitides. The existence of a meningitis suggests that the bacteria 
crosses the blood-brain barrier, one of the most difficult barriers to cross in the 
organism. Neisseria meningitidis is a bacteria having extracellular 
multiplication, in other words its dissemination in vivo is accompanied by a 
multiplication in the interstitial area. Very few bacteria having extracellular 

IS multiplication are capable of crossing the blood-brain barrier after the neonatal 
period, they are essentially Streptococcus pneumoniae, Haemoptiilus 
influenzae and Neisseria meningitidis. This property thus suggests specific 
attributes which allow these microorganisms to cross this barrier. 

20 Neisseria meningitidis presents two specificities for a bacteria having 
extracellular multiplication: 



(i) It is responsible for substantial bacteremia with a high number of 
bacteria in the blood. Thus, the comparison, in an animal model using the 

25 new-born rat, of the level of bacteremia induced by the injection of the same 
number of bacteria belonging to two different species {Neisseria meningitidis 
and Klebsiella pneumoniae) shows that N. meningitidis induces a bacteremia 
which can be 50-100 times greater than that induced by K: pneumoniae. This 
underlines the perfect adaptation of N. meningitidis to growth in the extra- 

30 cellular area. Certain bacterial attributes have already been identified as 
participating in this extracellular growth. These are essentially the 
polysaccharidic capsule, the lipooligosaccharide and the iron capture 
systems. The two first attributes allow resistance to the complement and to 



1'* filing 
2 

phagocytosis by the granulocytes and the third attribute allows the bacteria to 
obtain the iron essential for its gro\Arth. 

(ii) The second particularity of N. meningitidis is related to its ability to 
cross the blood-brain barrier. This property results from an interaction with 
S the cerebral endothelial cells. Until now the only bacterial attribute identified 
as being involved in the interaction of N, meningitidis at the cerebral 
endothelium level are the type IV pili. A molecule which is one of these pili 
called Pile, involved in this interaction, is the adhesin of the pili. 

The inventors work has concerned the search for means allowing 
10 identification of the genes of Nm which are capable of growing specifically in 
serum and of crossing the blood-brain barrier 

The application to Nm of the technique described by Pelicic et al, 2000 
for building a bank of mutants allowed mutagen ization of more than 70% of 
the mutagenizable and thus non essential genes. 
IS This tool has proved to be particularly valuable for detecting in an 

exhaustive fashion all of the mutants for a given phenotype. for example those 
which are important for growth in the serum, and for identifying adhesins 
which are important for interaction with the endothelial cells and thus the 
crossing of the blood-brain barrier and this is without necessarily testing the 
20 mutants individually for this phenotype. 

Therefore the invention relates to the use of such a bank for detecting 
genes of Nm expressing a particular phenotype. 

It also relates to the genes involved in such a phenotype. 

The invention also relates to the exploitation of the thus-identified 
25 genes as Nm anti-pathogenicity targets. 

It also relates to the use of the genes coding for adhesins to allow 
therapeutic Ingredients to pass through the blood-brain barrier. 

The invention moreover relates to the essential genes of N. 
meningitidis, and their homologues in other bacterial species and their use as 
30 targets for developing antibiotics. 

According to the invention, genes of pathogenic bacteria, in particular 
of Nm, are detected, expressing a desired phenotype, according to a method 
characterized in that : 
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- a bank of mutants generated from a given bacterial strain is used so 
that at least 70 % of the non-essential genes, and in particular 80 %, or even 
more than 90 %, are mutagenized by inserting a transposon in a reading 
frame, 

S - the mutants are then brought into contact, either individually, or in 

pools, with an environment, such as a medium, an animal or cells, capable of 
interacting with the mutant bacteria expressing the desired phenotype, 

- when pools are used, the bacteria which have not reacted with the 
desired phenotype are recovered, 

10 - the mutated genes of these bacteria are identified and their 

involvement in said phenotype is verified. 

The bank of mutants is advantageously generated according to the 
method described by Pelicic et al. above. 

The contact stage is carried out by passing on serum or an animal 

IS model in vivo or cells which are able to react with the bacteria expressing the 
desired phenotype and, when pools of mutants are used, the bacteria which 
have not reacted with the desired phenotype are recovered. 

In order to identify the mutated genes of these bacteria and to verify 
their involvement in said phenotype, the mutants are organized into pools. For 

20 each mutant, the insertion sites are amplified using appropriate 
oligonucleotides. The amplification products are placed on a membrane made 
for example of nylon. The pools of mutants are placed under the conditions for 
which mutants are sought. Total DNA is prepared using bacteria obtained 
from each output pool and an amplification is carried out using 

25 oligonucleotides which served to amplify the insertion sites in the mutants of 
the pool. The amplification product then serves to hybridize the membranes 
which correspond to each pool. The mutants for which no amplification is 
detected are mutants for the phenotype considered. It will be observed that 
this technique allows the mutants in question to be retained, allowing each 

30 mutation to be retransformed in order to confirm the phenotype. 

The invention also relates to the genes which give a bacteria the ability 
to grow or to react with a given environment such as serum, an animal model 
in vivo, cells. 
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These genes are characterized in that they can be obtained by the 
nnethod defined above. 

In particular the invention relates to the genes involved in the growth of 
bacteria in serum, chosen fronn the genes of Figure 3, identified with respect 
5 to the number of the pool of mutants of Figure 2. 

Quite particularly the invention relates to the genes Nm 83 dxr, Nm 
229, Nm 356, Nm 848 galU, and the genes of serogroup B, Nm 1771 and 
NmB 65 as new products. 

The invention also relates to the application of the genes selected in 
10 relation to the growth phenotype in serum, as anti-pathogenicity targets, which 
consists of inhibiting the growth of Nm in vivo in serum. 

Other genes of great interest according to the invention are 
characterized in that they are involved in the interaction with endothelial cells. 

Therefore the invention also relates to the application of these genes to 
IS allow the opening of the blood-brain barrier to therapeutic ingredients, such as 
medicaments for Parkinson's Disease, Alzheimer's disease, antimitotics, 
medicaments for multiple sclerosis, antivirals, antimycotics and antibiotics. 

Moreover the invention relates to the essential genes of Nm for which 
no mutant is present in the bank and the application of these genes as targets 
20 for developing antibiotics. 

Other characteristics and advantages of the invention are given in the 
examples which follow and with reference to Figures 1 to 24 which represent: 

- Figure 1, the list of genes presenting in the 2 sequenced strains of Nm more 
than 65% similarity on a proteinic base, 

25 - Figure 2A, the list of genes for which there exists a mutant in the bank and 
Figure 28 the list of mutants classified into 96 pools of 48 mutants, 

- Figure 3, the list of the mutants altered in growth in the serum, and 

- Figures 4 to 24, the growth curves of the mutants of Figure 3 in the 
complemented serum and the decomplemented serum. 

30 

• Construction of a bank of mutants of Nm 801 3 

1. A bank of mutants is built from the A/, meningitidis 8013 strain of 
serogroup C, operating according to the technique described by Pelicic et al, 
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Journal of Bacteriology, 2000, 182: 5391-5398. A sequenced bank of 4547 
mutants is obtained. 

Statistically 80% of the insertions are in open reading frames since it 
concerns the % of coding regions in the genome of the 2 sequenced strains, 
5 namely Z2491, strain of serogroup A sequenced by the Sanger Center, and 
MC58, strain of serogroup B sequenced by TIGR. Therefore there are 
approximately 3600 mutants in open reading frames and in most cases, 
several insertions per gene. Taking into account the size of the genome, the 
mutagenesis thus concerns 93% of the mutagenizable genes. 
10 The statistic formula allowing calculation of the probability (P) that a 

gene is mutated is the following: 

P=1-e-"^P 
n: number of mutants in the bank 
p: number of mutagenizable (non-essential) genes 

15 

The second number can only be estimated. But according to studies of 
bacteria better characterized than Neisseria meningitidis, it is reasonable to 
estimate that 350 genes are essential to the survival of the bacteria. 
Consequently, there would be 1750 non-essential genes in the 
20 meningococcus, 92.6 % (1619) of which should be mutated in the bank. 

2. All of the insertions of this bank are sequenced according to the 
technique used for the sequencing of insertions, already described and 
published (Prod'hom et al. 1998. FEMS Microbiol Lett. 1858: 75-81). This 
25 technique uses a specific primer for the known sequence, in this case the 
transposon, and a second specific primer of a synthetic linker ligated to the 
reduced genomic DNA. The use of AmpliTaq Gold polymerase Perkin-Elmer 
is important for minimizing a non-specific hybridization of the primers. 

30 • Determination of the essential genes. 

An essential gene can be present only in a single strain. Any gene 
present in the two strains, the genome of which has been sequenced and for 
which a mutant does not exist in the bank of the invention is thus considered 
to be essential. 
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The genes present in the two strains are given in Figure 1. The 
nomenclature used is that of the strain Z2491 (sequenced by Sanger). The 
list given in Figure 1 was obtained by performing a TbIastN of each reading 
frame of Z2491 in MC58, then keeping all the frames of Z2491 which had a 
5 homology percentage greater than 65 %. 

The list of the genes for which a mutant is present in the bank is 
represented in Figure 2A. The list of differential genes, i.e. those present in 
Figure 1 and not in Figure 2A, is high in essential genes. This list of 
differential genes includes genes which are homologous in other Gram- 
10 negative pathogenic bacteria, such as enterobacteria, Pseudomonas, 
Acinetobacter, or even certain Gram-positive bacteria. These genes 
constitute targets for developing broad spectrum antibiotics against these 
Gram-negative bacteria and broader spectrum antibiotics when these genes 
are homologous to certain genes of Gram-positive bacteria. 

15 

• Screening of the bank for different phenotvpes. 
For the screening, knowledge of the sequence of each insertion is 
applied. For this, the mutants are organized into pools of 48. For each 
mutant, the insertion sites are amplified using suitable oligonucleotides. Each 

20 amplification product is deposited on a nylon membrane. The pools of 48 
mutants are then placed in the conditions for which mutants are sought. The 
total DNA is prepared using bacteria obtained from each output pool and an 
amplification is carried out using oligonucleotides which served to amplify the 
48 insertion sites. The amplification product then serves to hybridize the 

25 membranes which correspond to each pool. The mutants for which no 
amplification is detected are mutants for the phenotype considered. 



• Search for mutants important for growth in serum 
As mentioned above, N. meningitidis is a bacteria having extracellular 
30 multiplication perfectly suited to this compartment. The invention therefore 
related to identifying in an exhaustive way the attributes and the genes 
required for this growth. 



1 - solation of the strains: 
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The wild strain 2C43 wt (positive control) and Z5463 CPS- (non- 
capsulated strain, negative control) are isolated on a GCB plate (agar 5g/1); 
the mutants produced from the strain 8013 are isolated on a GCB plate + 
Kanamycin 100 \ig/p\. 
5 The culture is carried out over 14-18 hours, at 37°C, in 5% CO2. 

2 - Serum: 

The complemented human serum is stored at -80°C. After heating for 
30 min. at SS^'C, the serum is decomplemented. Growth is produced for the 
10 controls and the mutants with systematically complemented and 
decomplemented serum. 

Each mutant is tested with a positive and a negative control to compare 
the growth curves produced on different days. 

15 

3- lnoculum: 

1 dose of well-isolated colonies is collected and dissociated in 5 ml of 
RPMI (GIBCO: RPMI 1640 medium with glutamax I; previously placed for 5- 
10 min. at ambient temperature before inoculation, to protect the bacteria from 
20 rapid variations at temperature). The mass of bacteria is taken up using a 
PI 000, then vortexed. The preculture is subjected to stirring at 37 °C for 2 
hours. The OD is then measured at 600 nm (the white control being RMPI) 
and the inoculum is returned to 0.1 in RPMI (previously placed for 5-10 min. at 
ambient temperature). 

25 

4- Growth medium: 

98 Ml of serum and 292 |jl of RPMI (25% serum, 75% RMPI) is 
deposited per well and left for 5 min. at ambient temperature before 
Inoculation. 

30 

400 pi of water is introduced into the optionally empty wells. 

5- lnocuiation: 
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After stirring, 10 pi of inoculum adjusted to 0.1 of OD is collected, and it 
is deposited in a well containing growth medium, then mixed using a PI 000. 
The well is placed in an oven at 37°C, in 5% CO2. The inoculum is analyzed 
at TO and the bacterial growth at various times, by plating 50 pi of different 
5 dilutions on GCB plates. 

6- Sampling: 

Suspension takes place again (with a P1000) before sampling at 0 
hour, 1 hour, 5 hours post inoculation. 20 pi of inoculated culture medium is 
10 taken which is placed in 180 pi of RPMI (D1; tube 1.5 ml, previously placed at 
ambient temperature for 10 min., before sampling, in order to avoid a large 
difference in temperature). The mixture is vortexed. 

7- Dilutions: 

15 The tube Dl is vortexed, then 50 pi of D1 is sampled which is added to 

450 pi of RPMI (D2; 2 ml tube, previously placed at ambient temperature for 
10 min.). Between each dilution stage vortexing is carried out and the cone is 
changed. Dilutions are carried out up to the dilution D4 for the time TO, D3 for 
the time T1 , and D5 for the time T5. 

20 

8- lnoculation: 

The inoculation takes place on a GCB plate for the controls, and GCB+ 
kanamycin 100 pg/pl for the mutants. Vortexing is carried out, then 50 pi is 
taken from each dilution, followed by incubating upside down in an oven at 
25 37X, in 5% C02, for 14-18 hours, before counting the colonies. D4, 3 are 
inoculated for the time TO; DO, 1, 2, 3 for the time T1; D5, 4. 3, 2. 1 for the 
time T5. 



9-Genes of Nm allowing growth in serum: counting the surviving bacteria in 
30 serum as a function of time 

A growth curve representing the number of bacteria surviving in the 
serum as a function of time was drawn up for each of the clones (logio CPU 
as a function of incubation time in hours). 
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Two control strains were included each time in the test: the wild strain 
corresponding to a strain of Neisseria meningitidis, serogroup C and a control 
strain corresponding to Neisseria meningitidis, serogroup A without capsule. 
For each gene a single mutant is represented. 

The results are given in Figures 4 to 24, which represent the growth 
curves of the mutants of Figure 3 in the complemented serum and the 
decomplemented serum. 

• Identification of the adhesins for endothelial cells. 

The important adhesins for interaction on endothelial cells can be used 
to allow the opening of the blood-brain barrier and to allow medicaments to 
pass into the brain. 

HUVEC cells at confluence are inoculated in 24-well cell culture 
microplates at a density of 10^AA/ell. The cells are washed the following day in 
10% serum/RPMI, and are incubated for 2 hours at 37°C. At the same time, 
the bacteria are resuspended in the same medium at an OD550 of 0.1 to 0.01 
and incubated for 2 hours at Sy'C. The suspension of bacteria is used to 
infect the cells for 30 min at 37°C. 

The infection then continues for 4-5 hours with the cells being washed 
each hour. 
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CLAIMS 

1/ Exhaustive method for detecting pathogenic bacteria genes, in 
particular Nm, expressing a desired phenotype, characterized in that : 

- a bank of mutants generated from a given bacterial strain is used so 
5 that at least 70% of the non-essential genes, and in particular at least 80%. or 

even more than 90%, are mutagenized by inserting a transposon in a reading 
frame, 

- the mutants are then brought into contact, either individually, or in 
pools, with an environment, such as a medium, an animal or cells, capable of 

10 interacting with the mutant bacteria expressing the desired phenotype, 

- when pools are used, the bacteria not having reacted with the desired 
phenotype are recovered, 

- the mutated genes of these bacteria are identified and their 
involvement in said phenotype is verified. 

15 2/ Method according to claim 1, characterized in that, in the contact 

stage, the mutants of the bank are passed through serum. 

3/ Method according to claim 1, characterized in that, in the contact 
stage, the mutants of the bank are passed over endothelial cells. 

4/ Genes which give a bacteria the ability to grow or to interact with a 
20 given environment, such as serum, an in vivo animal model, cells, 
characterized in that they can be obtained by the method according to any 
one of claims 1 to 3. 

5/ Genes according to claim 4, characterized in that they are involved 
in the growth of the bacteria in serum and are chosen from those in Figure 3. 
25 6/ Genes according to claim 5, characterized in that they are chosen 

from Nm 83 dxr, Nm 229, Nm 356, Nm 848 galU, and the genes of serogroup 
B, Nm B 1771 and Nm B 65. 

7/ Genes according to claim 4, characterized in that they are involved 
in the interaction with endothelial cells. 
30 8/ Application of the genes selected according to the method of claim 2, 

or according to claim 5 or 6, as anti-pathogenicity targets, which consists in 
inhibiting Nm growth in vivo in the serum. 
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CLAIMS 

1/ Exhaustive method for detecting pathogenic bacteria genes, in 
particular Nm, expressing a desired phenotype, characterized in that : 

- a bank of mutants generated from a given bacterial strain is used so 
5 that at least 70% of the non-essential genes, and in particular at least 80%, or 

even more than 90%, are mutagenized by inserting a transposon in a reading 
frame, 

- the mutants are then brought into contact, either individually, or in 
pools, with an environment, such as a medium, an animal or cells, capable of 

10 interacting with the mutant bacteria expressing the desired phenotype, 

- when pools are used, the bacteria not having reacted with the desired 
phenotype are recovered, 

- the mutated genes of these bacteria are identified and their 
involvement in said phenotype is verified. 

15 21 Method according to claim 1, characterized in that, in the contact 

stage, the mutants of the bank are passed through serum. 

3/ Method according to claim 1, characterized in that, in the contact 
stage, the mutants of the bank are passed over endothelial cells. 

4/ Nm genes, characterized in that they are chosen from dxr (1-deoxy- 
20 D-xylulose-5-phosphate reductoisomerase), galU (UTP-glucose-1 -phosphate 
uridylyltransferase), and the gene of serotype B hisC (histidinol-phosphate 
amino transferase). 

5/ Application of the genes selected according to the method of claim 2, 
or according to claim 4, as anti-pathogenicity targets, which consists of 
25 inhibiting the growth of Nm in serum. 

6/ Application of the genes selected according to the method of claim 3, 
or according to claim 4, for the screening and manufacture of medicaments 
allowing the opening of the blood-brain barrier to therapeutic ingredients such 
as medicaments for Parkinson's Disease, Alzheimer's disease, antimitotics, 
30 medicaments for multiple sclerosis, antivirals. antimycotics and antibiotics. 

71 Application according to one of claims 5 or 6. of the essential genes 
of Nm as targets for the screening and manufacture of antibiotics. 
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CLAIMS 

1/ Exhaustive method for detecting pathogenic bacteria genes, in 
particular Nm, expressing a desired phenotype, characterized in that : 

- a bank of mutants generated from a given bacterial strain is used so 
that at least 70% of the non-essential genes, and in particular at least 80%, or 
even more than 90%, are mutagenized by inserting a transposon in a reading 
frame, 

- the mutants are then brought into contact, either individually, or in 
pools, with an environment, such as a medium, an animal or cells, capable of 
interacting with the mutant bacteria expressing the desired phenotype, 

- when pools are used, the bacteria not having reacted with the desired 
phenotype are recovered, 

- the mutated genes of these bacteria are identified and their 
involvement in said phenotype is verified. 

21 Method according to claim 1, characterized in that, in the contact 
stage, the mutants of the bank are passed through serum. 

3/ Method according to claim 1, characterized in that, in the contact 
stage, the mutants of the bank are passed over endothelial cells. 
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9/ Application of the genes selected according to the method of claim 3, 
or according to claim 7, to allow the opening of the blood-brain barrier to 
therapeutic ingredients such as medicaments for Parkinson's Disease, 
Alzheimer's disease, antimitotics, medicaments for multiple sclerosis, 
antivirals, antimycotics and antibiotics. 

10/ Application of the essential genes of Nm as targets for developing 
antibiotics. 
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Date modified 15/1 1/02 



515 Genes mutated on 29/11/01 



Figure 2 A 



The mutants in red present an increased sensitivity to the bactericidal action of the 
complement of human serum. 

Nm2: nuoL, NADH dehydrogenase 1 chain L 8/1 
Nm3: unknown 35/25 

NmlO: nuoG, NADH dehydrogenase I chain G 16/33, 26/39 

Nml5: nuoE, NADH dehydrogenase I chain E 8/41 

Nml7: nuoQ NADH dehydrogenase I chain C 29/44, 57/25 

NmI8: nuoB, NADH dehydrogenase I chain B 7/39% 64/45' 

Nm20: probable integral membrane protein 20/44 

Nm22: possible transposase for ISJ0I6 9/17 

Nm24: unknown 20/7 

Nm29: unknown 93/8 

Nm37: unknown 95/37 

Nm39: unknown 5/31, 24/16', 53/27% 93/13 

Nm42: pyrD, dihydroorotate dehydrogenase 79/39 

Nm47: probable transmembrane transport protein 7!/19 

Nm48: pgiA, glycosy I transferase 18/48 

Nm50: katA, catalase 60/22 

Nm60: probable transmembrane transport protein 4/37% 9/37, 80/37' 
Nm65: probable lipoprotein 19/44 

Nm67: unknown 49/30 

Nm70: rluC, probable ribosomal large subunit pseudouridine synthase C 1/44 
Nm73: probable amino-acid transport protein 14/46, 17/12 
Nm77: gidB, probable glucose inhibited division protein B homolog 20/24 
Nm83: dxr, probable J-deoxy-D-xylulose-5-phosphate reductoisomerase 80/24 
Nm84: probable integral membrane protein 5/38 



Nml55: unknown 7/37, 13/31', 25/45' 
NmI57: unknown 47/48 
Nml60: probable two-component sensor 92/36 
Nml62: SUN homolog 19/43 

Nml65: probable periplasmic protein 8/7, 8/15, 95/23 
Nml73: unknown 51/35 
Nml82: probable lipoprotein 9/42 

Nml83: gitS, sodium/glutamate symport carrier protein 72/40 
NmI84: unknown 19/1, 23/8, 57/10 

Nml85: h'pB, capsule polysaccharide modification protein 19/14', 22/14', 25/9, 86/2 
Nml 86: lip/1, capsule polysaccharide modincation protein 41/29, 80/4, 93/19 
Nm]93: probable modification methylase 15/20, 25/6 

NmI95: ca>£>,pn±£^leccpsufepc^?acdw^ 17/5% 18/15', 93/47 

Nml98: c/r/f, capsule polysaccharide export outer membrane protein 13/16, 43/8 

Nm267: probable integral membrane protein 55/35 

Nm22 1 : possible transposase for IS IJ 06 12/5 

Nm225: possible lipoprotein 5/36, 15/9 

Nn!228: unknown 28/25 

Nm229: unknown 93/38 

Ntti233: probable lipoprotein 16/20 

Nm247: muiSy DNA mismatch repair protein 1 1/7, 1 1/16 

Nm25 1: probable periplasmic protein I/2K 12/7', 12/17'% 12/19', 19/13", 94/38 
Nm255: probable ABC transporter integral membrane protein 16/5, 93/43 
Nm259: probable transmembrane transport protein 92/1 1 
Nm274: possible glyccrate <lchydrogcnasc 39/20', 47/12' 

Nin279: probable membrane-bound lytic murein Iransglycosylase 6/29, 70/13, 76/7, 95/47 
Nm285: probable lipoprotein 38/2 

NTn287: ihpA, probable thiamin-binding periplasmic protein 1/38 
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Figure 2A 



j sifS genes mutated on 29/11/01 



The underlined mutants present - f -^^^^/^^'tS' fdeS^fy'^'^'mttST P-^^ 
complement of human serum. The figures m 
number/mutant number. 

Nm2- moL NADH dehydrogenase I chain L 8/1 

?:^^o"Sr N'^H^ehydrogenase I chain G I^^^^^^^ 

r c N' A DH dehydrogenase I chain E S/4 1 

S 7 S-^H dehUienase I chain C 29/44 57^5 

Nm 8: rruoB. NADH dehydrogenase I ch-n B 7/39 , 64/4. 
Sm20: probable integral ^^^^ P.^^^f 
Nm22: possible transposase for IS 10 16 9/17 
Nm24: unknown 20/7 
Nm29: unknown 93/8 
Nm37: unknown 95/37 
Nm39: unknown 5/31, 24/16 :>3/27 , 9o/13 
^^^-.pyrD, dihydroorotate dehydrogenase 79^9 
S7:?Vob;ble transn^embrane tr^sport protem 71/19 
Nm48:pfM. glycosyltransferase 18/48 

™U pr«.i„ 9,3.. sor.r 

N-m65- probable lipoprotein 19/44 

Nrnl55: unknown 7/37, 13/31', 25/45' 
Nml 57: unkno^^m 47/48 
Nml60: orobable two-compoaent sensor 92/36 
Nml62: SUN homolog 19/43 . -93/^3 

. Nml 65: probable penpl_asmicpro.ein 8/7, 8/1-, ^t^/-^ 

isml73: unknown 51/35 

Nml 82; orobable lipoprotein 9/4_ 

Nml83- sodiun^glutaiT..ate syn^.port earner pro.em 72/40 

Nml84: unknox^-n 19/1, 23/8, =7/10 7 7/1 4'. 25/9.8 6^2 

^^^^^^^^^^^^^^^^ 

probable integral -^f ^^'"^ f I°'f ^5"^' 
Nm221: possible transposase tor \SI106 12/3 
Nin225: possible lipoprotein 5/36, l=/9 
Nm228: unknown 28/25 
j^^2qijinlcncLvvn_25Z58 

Nm233: probable lipoprotein 1 6/20 /l 6 

Hn,247: DNA niismatcn rcpa.r ^^^ 'j^^ i<j;i3", 94/38 

Nmi59:irobable ,r.u,su,embraae tr.nspon protem 9^^^^ 

N-,n^74: possible glycerate denydrogsr.ase ^'^'''^ ^/•[\-.^ ^p^.^^ 70/13, 76/7, 95/47 
Nmr/9: probable membrane-bouiui iyt.c murem transgly^osyla^c 6/-A 
Nmisi probable lipoprotein 3»/2 
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Nm289: unknown 16/1 
Nm292: unknown 10/43 

Nm293: pilC2, pilus-associated protein 2/26, 94/28 
Nm298: probable symport protein 95/14 



Mm307: unknown 12/28 

Nm319: mcifB\ possible MafB alternative C-terminus 8/30 

Nm320: unknown 13/43 

Nm325: ma/A, adhesin 5/25 

'Nm348: putative nuclease 3/30, 20/4 

Nm349: probable integral membrane protein 46/7 

Nm353: probable integral membrane protein 22/45, 90/40 

Nm356: possible transferase 55/48 

Nm365: probable pennease 4/33 

Nm368: probable integral membrane protein 12/36 

Nm369: hemK, HemK protein 81/39 

Nm370: probable integral membrane protein 46/43 

Nm372: unknown 7/18', 8/27^ 

Nm374: ppc, phosphoenolpyruvate carboxylase 18/33, 18/38, 84/2 
Nm380: unknown 46/35 
Nm382: unknown 10/9 

>3m397: thiC, thiamin biosynthesis protein 13/33 



Nm409: probable amino-acid transport protein 4/24 
Nm413: gntP^ probable gluconate permease 10/47 
Nm414: probable permease 2/16, 5/46 
Nm422: probable pseudouridine synthase 6/9', 13/19,20/15*, 77/18 
Nm425: unknown 47/7 
Nm428: conserved hypothetical protein 3/31 
Nm433: hrpA\ ATP-dependent DNA helicase 44/4 
Nm434: hypothetical inner membrane protein 61/14 
Nm436: hypothetical inner membrane protein 93/32 
Nm441: conserved hypothetical protein 12/25 

*Nm445: purLy phosphoribosylformylglycinamidine synthase 4/17, 10/14*, 1 1/8*, 75/34 
Nm457: iga2, IgA-speciflc serine endopeptidase 9/21, 40/31 

Nm465: hypothetical inner membrane protein 71/2 
Nm478: possible outer membrane peptidase 6/43 
Nm48 1 : unknown 27/21 

Nm485: probable ABC transport ATP-binding subunit 5/4, 16/45 
N[m486: possible ABC transport inner-membrane subunit 15/32 

Nni489: hypothetical protein 61/13 

Nm490: possible periplasmic/outer membrane protein 96/22 
Nm497: probable inner membrane protein 71/18 
Nm499: regG, possible regulator of y?///? expression 7/44 

Nm503: possible transglycosylase 6/19, 11/17, 16/17 

Nni506: possible lipoproicin 6/12 

Nm5 12: aipf, probable ATP synthase 1 8/23 

Nin524: h^iA, lacto-N-neotelraose biosynthesis glycosyl tranferasc 3/8, 10/2, 21/21, 45/34 
Nm53 1 : pseudogenc, probable iransposasc remnant 90/36 
Nni546: unknown 20/9 

Nin559: lauS, probable Icucyl-tRNA syntholasc 68/22 

Nm560; dr^y probable type II restriction endonuclcase 57/15 

Nm580; ur^A, probable acctylglulamatc synthase 7/25 

Nm582: pyrE, probable on^talo phosphoribosyltransfcrase 19/36, 57/31 

Nrn587: jba. probable rnict()se-l,6-bispiK)sphale aldolase 21/25, 21/47 

Nni592: hemh, probable glutaniate-l -scmiaKlchydc 2, l-aminomut<ise 47/10 

Nm594: orn^ probable oligoribonucleasc 14/25 

Nni.599: qucA, probable S-adcnosylnic(liionine-ribosyllransrerasc-isonierasc 91/2, 96/23 
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Figure 2A 
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Nm287: tbpA, probable thiamin-binding periplasmic protein 1/38 
Nm289; unknown 16/i 
Nm292: unknown 10/43 

Nm293: pilC2, pilus-associated protein 2/26, 94/28 
Nm298: probable symport protein 95/14 

Nm307: unknown 12/28 

Nni3 19: mafB\ possible MaiB alternative C-terminus 8/30 

Nm320: unknown 13/43 

Nm325: ma/A^ adhesin 5/25 

Nm348: putative nuclease 3/30, 20/4 

Nm349: probable integral membrane protein 46/7 

Nm353: probable integral membrane protein 22/45, 90/40 

Nm356: possible transferase. 55/48 

Nm365: probable permease 4/33 

Nm368: probable integral membrane protein 12/36 

Nm369: hemK, HemK protein 81/39 

Nm370: probable Integral membrane protein 46/43 

Nm372: unknown 7/1 8\ 8/27' 

Nm374: ppc, phosphoenolpyruvate carboxylase 18/33, 18/38, 84/2 
Nm380: unknown 46/35 
Nm382: unknown 10/9 

Nm397: thiC, thiamin biosynthesis protein 13/33 

Nm409: probable amino-acid transport proteb 4/24 
Nm413: gntP^ probable gluconate permease 10/47 
Nm4l4: probable permease 2/16, 5/46 

Nm422: probable pseudourldine synthase 6/9', 13/19, 20/15% 77/18 

Nm425: unknown 47/7 

Nm428: conserved hypothetical protein 3/31 

Nm433: hrpA\ ATP-dependent DNA helicase 44/4 

Nm434: hypothetical inner membrane protein 61/14 

Nm436: hypothetical inner membrane protein 93/32 

js|m441; conserved hypothetical protein 12/25 

Nm445: purL, phosphoribosylformylglycinamidine synthase 4/17, 10/14', 11/8% 75/34 
Nm457: igal, IgA-specific serine endopeptidase 9/21, 40/31 
Nm465; hypothetical inner membrane protein 71/2 
Nm478: possible outer mem.brane peptidase 6/43 
Nm48l: urJcnown 27/21 

Nm485: probable ABC transport ATP-binding subunit 5/4, 16/45 
Nm486: possible ABC transport inner- membrane subunit 15/32 
Nm489-. hypothetical protein 61/13 

Nm490; possible periplasmic/outer membrane protein 96/22 
Nm497: probable inner membrane protein 71/18 
Nm499; regC, possible regulator ofpilE expression 7/44 

Km503: possible transglycosylase 6/19, 1 1/17, 16/17 

Nm506: possible lipoprotein 6/12 

Nm5l2: aipl, probable ATP synthase I 8/23 

Nm524: l^tA. lacto-N-neotetraose biosynthesis givcosvl tranferase 3/8> 10/2, 21/'2 K 45/34 
Nm531: pseudogene, probable transposase remnant 90/36 
Nm546: unkno^vvn 20/9 

Nm559: leuS, probable leucyl-tRNA synthetase 68/22 

Nm560: drg, probable type II restriction endonuclease 57/15 

Nm580; argA, probable acetylglutarnate synthase 7/25 

Nm5B2: pyrE, probable orotate phosphoribosyltransferase 19/36, 57/31 

Nm587:/c^a. probable fructose- 1 ,6-bisphosphate aldolase 21/25, 21/47 

Nfm592: hemL, probable giutamate- l-semJaldehyde 2, 1 -anunomutasc 47/1.0 

N"in59-1: om^ probable oligoribonucleast: 14/25 

Nm599: qu^A, probable S-adenosylmethionine-ribosyhransrerase-isonierase 91/2, 96/23 
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Nm600: unknown 11/28 , . , , Figure 2 A 

Nm60 1 : probable lysR-^f'dmWy Iranscnplional regulator 47/37 
Nm602: carB, carbamoyl phosphate synthase 2/13, 94/39 
Nm613: probable /war/?- family regulator 92/41 
Nm6I8: hypothetical protein 5/14,91/41,92/45 

Nm6 19: p^^Jelipc^^saccharidemcxriato 1 

Nm629: unknown 9/6 

Nm630: unknown 10/4 

Nm631: unknown 6/46, 9/23, 15/22, 34/9 

Nm636: ovM, probable valine-pyruvate aminotransferase 7/22 

Nm638: pglC, pilin glycosylation protein 68/25 

Nm639: pgiB, pilin glycosylation protein 90/45, 93/45 

Nm643: possible lipopolysaccharide biosynthesis translocase 43/13 

Nm646: unknown 7/16 

Mm650: pilQ, pilus secretin 10/33, 72/13 

Nm654: pHM, probable pilus assembly protein 1 1/33, 19/33 

Nm670: possible two-component system sensor kinase 1/14 

Nm672: unknown 69/23 

Nm679: unknown 1/43, 15/17 

Nm687: probable periplasmic protein 96/46 

-Nm688: JhaB-Uke gene 3/24, 14/31, 16/2, 48/7, 87/6 

Nm690: unknovm 10/21, 22/11 

Nm69l: unknown, Asn-rich N-terminus 46/46 

Nm692: unknown 4/7, 20/27 

Nm693: unknown within a region of low G+C % 3/19 
Nm694: unknown within a region of low G+C % 7/17 
Nm696: unknown 1/40, 7/42 



Nm714: probable transmembrane hexose transporter 2/14, 5/47^ 
Nm7l5: probable transmembrane transport protein 1/2, 6/45, 15/40 
Nm720: unknown 4/19, 14/7 

Nra722: probable transmembrane transport protein 41/25 
Nm725: adhA, probable alcohol dehydrogenase 7/20, 51/22 
Nm726: probable pilin (acfP) 11/24 

Nm729: probable ABC transporter ATP-binding protein 92/43 
Nm730: possible thioi-disulphide interchange protein 7/9, 10/18 
Nm740: unknown 6/10 

Nm74l : possible ubiquinone biosynthesis protein 92/15 

Nm747: nqrF, probable Na'-translocatingNADH-ubiquinone reductase subunit F 90/34^ 
Nm750: nqrc] probable Na'-translocatingNADH-ubiquinone reductase subunit C 12/45 
Nm752: A^/^,pobQbte^fe'■^lskxa^^ngNA 

Nm753: possible membrane protein 7/46', 19/19, 28/21', 51/14, 95/45 
Nm755: unknown 70/1 T, 71/6% 73/5, 73/18 
Nm762: hypothetical protein 18/16, 90/29 

Nm786: possible membrane protein 78/23 
Nm796: unknown 92/2 



Ntn800: possible integral membran-o protein 7/10, 29/28, 52/1, 69/14 
Nm801: unknown 6/5', 12/8' 
Nm802: unknown 30/25 

Nm804: possible sec- independent protein translocase component 93/25 

Nm8l6: probable polyaminc permease A TP-binding prott^in 19/8 

Nm8 17: probable polyaminc permease inner membrane protein 9/36 

Nm8l9: possible oxidorcductasc 96/31 

Nm820: amlB, probable ammonium transporter 5/30 

Nin826: probable phosphocnolpyruvate synthase tS/47 

Nm827: unknown 7/1 1 

Nm828: probable phosphatase 36/3 

Nm832: possible glycosyl transferase 14/29, 48/26 

Nm843: /hpB. probable iron-uptake pernica.se inner membrane protisin 56/34 
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Nm600: unknown 1 1/28 

Nm60l: probable lysR-fzmily transcriptional regulator 47/37 

Nm602: carB, carbamoyl phosphate synthase 2/13, 94/39 

Nm613: probable /tiot/?- family regulator 92/41 

Nm618: hypothetical protein 5/14, 91/41, 92/45 

'Nm619: possi^kiBpqxiysaDdxffidenxcn^^ 

Nm629: unknown 9/6 

Nm6j0: unknovvn 10/4 

Nm63 I : unknown 6/46, 9/23, 15/22, 34/9 

Nm636: ovtA, probable valine- pyruvate aminotransferase 7/22 

Nm638: pg^C. pilin gJycosylation protein 68/25 

Nnn639: pgiB, pilin giycosylatjpn protein 90/45, 93/45 

Nm643: possible lipopolysaccharide biosynthesis translocase 43/13 

Nm646: unknov^-n 7/16 

Nm650: pilO, piius secretin 10/33, 72/13 

Nm654: piiM, probable pilus assembly protein 11/33, 19/33 

Nm670: possible two-component system sensor kinase 1/14 

Nm672: unknown 69/23 

Nm679: unknown 1/43, 15/17 

Nm687: probable periplasmic protein 96/46 

Nm688: JhaBAike gene 3/24, 14/31, 16/2, 48/7, 87/6 

Nm690: unknown 10/21, 22/1 1 

Nm691: unknovrTi, Asn-rich N-terminus 46/46 

Nm692: unknown 4/7, 20/27 

Nm693: unknown within a region of low G+C % 3/19 
Nm694: unknown within a region of low G+-C % 7/17 
Nm696: unknown 1/40, 7/42 

Nm714: probable transmembrane hexose transporter 2/14, 5/47 
Nm715: probable transmembrane transport protein 1/2, 6/45, 15/40 
Nm720: unknown 4/19, 14/7 

Nm722: probable transmembrane transport protein 41/25 
Nm725: odhA, probable alcohol dehydrogenase 7/20, 51/22 
Nm726: probable pilin (ac/P) 1 1/24 

Nm729: probable ABC transporter ATP-binding protein 92/43 
Nm730: possible thiol-disuiphide interchange protein 7/9, 10/18 
Nm740: unknown 6/10 

Nm74 1 : possible ubiquinone biosvmthesis protein 92/1 5 

Nm747: nqrF^ probable Na^-transiocatmg N.AJDH-ubiquinone reductase subunit F 90/34 
Nm750: nqrC, probable Na"-trans!ocating NADK-ubiquinone reductase subunit C 12/45 
Nm752: «r/Cprttd:feNa'"-dBn^ccali^ 

Nm753: possible mem.brane protein 7/46\ 19/19, 28/21', 51/14, 95/45 
Nm755: unkno%vn 70/1 r, 71/6', 73/5, 73/18 
Nm762: hypothetical protein 18/16, 90/29 
Nm7S6: possible membrane protein 78/23 
Nm796: unknown 92/2 

KmSOO: possible integral membrane protein 7/10, 29/28, 52/1, 69/14 
NmSOl: unknown 6/5', 12/8* 
Nm802: unknown 30/25 

Nm804: possible sec-independent protein translocase component 93/25 

Nm816: probable polyamine permease ATP-binding protein 19/8 

NmSl7: probable polyamine permease inner membrane protein 9/36 

Nm3 1 9: possible oxidoreductaso 96/3 1 

Nmf^20: amiB, probable ammonium transporter 5/30 

^ariS26: ppsA, probable phosphoenolpyruvate synthase 8/47 

N*m827: unknown 7/1 I 

Nm828: probable phosphatase 36/3 

Nm832: possible ijlycosyl transferase 14/29. 48/26 
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Nm845: unknown 6/8 Figure 2A 

Nm847: arglh probable argininosiiccinatc lyase 9d/5 . -x^^t (cntd) 

Nm848: gald probable UTP-glucosc 1 -phosphate undylyUranslerase 32/37 

Nm867: LpD, probable anhydro-N-acetylmuramyl-tripeptide amidase 48/6 

Nm868: possible periplasmic protein 46/19 

Nm873: possible periplasmic protein 1 1/5 

Nm879: trpA, probable tryptophan synthase a chain 19/24, 65/48 

Nm884: pyrC. probable dihydroorotase 1/37, 89/9 

Nm888:r/7C, probable ribonucleasc III 6/47 

Nin890- trph\ probable N<5'-phosphoribosyl)anthranilate isomerase 95/39 
Nm892:pw/-F, probable amidophosphoribosyltransferase 60/4 

N^i^: trpB, pmbable tryptophan synthase B chain 5/41, 8/40, 27/34', 85/25' 

Nm905: iga, IgAi protease 1/39, 7/1, 9/25, 12/34 

Nm909: probable transmembrane transport protem 1/28, 9/22 

>Jm915: unknown 3/37 

Nm928: tgi. probable queuine tRNA-nbosy I transferase 95/9 
Nm935: unknown 4/28, 75/44 

Nm941: unknown 2/45 , ^ «n 

Nm942: 6fla4,probdbteacfcnosyimediio^^ -^-^'^ 
Nm944: unknown 7/13 
Nm948: unknown 32/26 

Nm952: recN, probable DNA repair protein 68/1 1 
Nm955: unknown 5/7 

•Nm962: probable D-alanyl-D-alanine-endopeptidase 1/48, 56/18, 96/16 

Nm968: p«rC, probable phosphoribosylaminoimidazole-succinocarboxamide synthase ^/l:> 

Nm973: probable integral membrane protein 7/40, 44/34 

Nm977: lepA, probable GTP-binding protein 90/15 

Nm979: pilT2, possible pilus retraction protein 90/19 

Nm981: possible pilus biogenesis protein 11/22 

Nm982: unknown 1/24,7/33 

■Nm987: probable secreted protein 64/5 

Nm990: unknown 80/2 

Nm993: possible periplasmic protein 72/33 

Nm994: possible periplasmic protein 16/39 

Nm995: recB, probable exodeoxyribonuclease V B cham 8/42, 9/28, 41/35 
Nm999: probable amino acid permease integral m.embrane protein 73/39 



Nm 1 00 1 : pgm, phosphoglucomutase 2/46, 6/35, 25/5, 94/2 
Nml002: ppiB. probable peptidyl-prolyl cis-trans isomerase B 94/18 
Nm 1003: probable transmembrane transport protein 29/42 
NmlOOS- JhJ, probable cell division protein 15/1 

Z'mS- rr^bl: ^S,U, 2./32N..0,6: probable RNA-binding pro.cin 93/44 

Nm 020 n.S^^b transcriplional regulator 28/41Nml022: possible trans.nembrane efllux pro c,n 

ST2 37>2^^^^^^^^ probable ADP-heplose synthc.ase ,3/6N,.1035: .>n:„L 

m".hvH.e 60/-'5 93/1 INmtO^?: rfoIX probable ADP-I.-glyccm-mannolK-plosc cpnp.crase 7/ot), 4 //39Nn, 1 048. 
Tnt^o^n 18/^ 35mNmr052^^^ Probable single-strnnded-DNA-specinc cxonudcasc 43/9Nn,10M: poss.bb 
pcS^nic p;o^^^^^ 5/lNn,1062: rcl.C. unknown 2/39Nn, 073: unknown 11/13, 

L/VNm 1074- possible membrane prolcin 10/1 6, 47/27N.n 1 0X4: possible penplasniu; protcM I d/26 
^86 unk,5^wn 7/35NmlOS7: possible transferase 4/29, 84/17Nml090.- poss.blc pcr.plasn.c .uojcm 7/27, 

if/s'sk-n;^n,bra^otein-%/8Nm MOF pos^ 

4l/->3»mmi- unknown 18/19Nmni8: /«. CTv^-NKx:dvl,™iimt(>J^^4ic^^ 

^mil26- probable transmen.brane Imnsporl protein 46/38N-mll36: ,„.tX, probable homosermc O- 
acctvltranslcrase 3/1 1, l4/42Nm 1 1 38: /•/;m/-;2, possible additional 50S ribosomal protein 1... I )6/2 
Ninl 139: math; probable 5,10-mclliyiencletraiiydrorolalc rcduelasc 92/29 
Nni II 40: Mis^ZiprM^fc 5iiicdTyildrahyd^to55^itryu^^ 
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Nm843: Jbp8, probable iron-uptake permease inner membrane protein 56/34 
Nm845; unknown 6/8 

Nm847: orgH, probable argininosuccinate lyase 95/5 

Nm848: ^alU. probable UTP-glucose- 1 -phosphate uridvlvUransFerase 32/37 
Nm867: ampD, probable anhydro-N-acetylmuramyi-tripeptide amidase 48/6 
Nm868: possible periplasmic protein 46/19 
Nm873: possible periplasmic protein U/5 

Km879: trpA, probable tryptophan synthase a chain 19/24, 65/48 
Nm884: pyrC, probable dihydroorotase 1/37, 89/9 
Nm888: mc, probable ribonuclease DI 6/47 

Nm890: trpF, probable N-(5'-phosphoribosyI)anthranilate isomerase 95/39 
Nm892: purF, probable amidophosphoribosyltransferase 60/4 

Nm904: trpB, probable tryptophan synthase B chain 5/41, 8/40, 27/34\ 85/25* 

Nm905: iga, IgAl protease 1/39, 7/1, 9/25, 12/34 

Nm909: probable transmembrane transport protein 1/28, 9/22 

Nm9 1 5 : unknown 3/37 

Nm928: tgt, probable queuine tRNA-ribosyltransferase 95/9 
Nm935: unknown 4/28, 75/44 
Nm94 1 : unknown 2/45 

Nm942: Z»a^pn±djeadeno^tTediai^^ 33/2 
Nm944: unknown 7/13 
Nm948; unknown 32/26 

Nm952: recN, probable DNA repair protein 68/11 
Nm955: unknown 5/7 

Nm962: probable D-alanyl-D-alanine-endopeptidase 1/48, 56/18, 96/16 

Nm968: purC, probable phosphoribosylaminoimidazole-succinocarboxamide synthase 5/15 

Nm973: probable integral membrane protein 7/40, 44/34 

Nm977: lepA, probable GTP-bindLig protein 90/15 

Nm979: pilT2, possible pilus retraction protein 90/19 

Nm98 1 : possible pilus biogenesis protein 1 1/22 

Nm982: unknowri 1/24, 7/33 

Nm987: probable secreted protein 64/5 

Nm990: unknown 80/2 

Nm993: possible periplasmic protein 72/33 

Nm994: possible periplasmic protein 16/39 

Nm995: recB, probable exodeoxyribonuciease V 6 chain 8/42, 9/28, 41/35 
Nm999: probable amino acid permease integral membrane protein 73/39 

NmlOQl: gg/n. phosphoglucomutase 2/46, 6/35. 25/5. 94/2 

Nm\Q02: ppiB, probable peptidyl-prolyi cis-trans isomerase B 94/18 

Nml003: probable transmembrane transport protein 29/42 

NmlOOS: /tsJ, probable cell division protein 15/1 

Nml 0 12: probable carbon-sulphur lyase 6/28, 92/4 

NmlOlS: probable NADfP)H-ilavin oxidoreductase 25/14, 29/32 

Nml016: probable RiN'A-binding protein 93/44 

Nm[020: probable /«^//?-family transcriptional regulator 28/41 

Nml022: possible transmembrane efflux protein 8/22, 37/27 

Nm)034: rfhE, probable .ADP-heotose synthetase 3 3/6 

Nml 03 5: nmgll, probable modification methylase 60/25, 93/1 1 

Nml 037: rfaP. probable ADP-L -glvcer o-mannohep tose enimerase 7/30, 47/39 

Nml048: unknown 18/3, 35/37Nml052: racj, probable singJe-stranded-DNA-specinc exonuciease 43/9 

Nml 054: possible periplasmic protein 6/2 

Nml 056: unknown 5/lNmI062: rcIgC, unknovvTi 2/39 

Nml073: unknown 11/13, 83/7Nmi074: possible membrane protein 10/16, 47/27 
Nml084: possible peripiasmic prorein 15/26 

Nml 036: unknown 7/35Nmi087: possible transferase 4/29, 84/17 
Nm\090; possible periplasmic protein7/27,l9/l 2 

Nml 107: possible membrane protein 96/SNml 108: possible membrane protein 34/7 
Nml 1 10: probable pilin 12/39. 41/23 
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Nmll43: .vi^AC probable succinate dehydrogenase cytochrome B subunii 92/23Nmi 145: sdfiA, probable 
succinate dehydrogenase flavoprotcin subunit 4/39Nmll46: sdJiB, probable succinate dehydrogenase iron- 
sulphur protein 18/44 

Nmll48: gltA, probable citrate synthase 16/6', 20/34*, 81/36Nmil49: sucA^ probable 2-oxoglutarate 
dehydrogenase El component 15/24Nmll52: possible membrane protein 13/7, 93/18, 95/6Nml 162: unknown 



Nmll63: trpG, probable anthranilate synthase component II 26/22', 48/l*Nmll64: trpD, probable anthranilate 
phosphoribosyltransferase 9/19Nmll74: unknown ll/45Nmii84: possible lipoprotein ll/25Nmli86: unknown 



probable surface fibril protein 47/19', 52/12'Nml206: probable oxidoreductase 6/48, 34/8, 77/17Nmi207: 
unknown 14/24Nml228: unknown within a region of unusually low G+C % 23/29Nnil243: probable sulphate- 
binding protein 7/26Nml248: possible periplasmic protein 5/37Nml249: abcZ, probable ABC transporter ATP- 
binding protein 2/8, 78/6Nml250: cledA, hypothetical protein 19/5Nml254: glyA, probable serine 
hydroxymethyltiansferase 42/20Nml255: ggt, probable gamma-glutamyltranspeptidase 14/8, 92/27, 
94/15Nml263: unknown 89/16NmI272: unknown 95/2 

Nml276: possible membrane protein 5/43, 16/13, 20/40Nml285: unknown 94/37 

Nml286: possible phage transposase 

82/19 ^NmJ307: 

unknown 95/32 

Nml313: unknown 18/13, 22/18, 94/35Nml315: unknown 18/31, 93/10 

Nml325: possible phage tail fibre protein 15/19Nml331: ABC transporter ATP-binding protein 3/43, 22/25 
Nml334: possible periplasmic protein 1/32, 43/17 
Nmi34I: unknown 12/46 
Nml348: unknown 76/13 

Nm 1 35 1 : possible RNA methyltransferase 76/37 

Nml356: npl^po^hXJDP-l^^-ac&yinr^^ 

Nml362: cysl, probable sulphite reductase 6 subunit 25/23 

Nm 1 363: cysJ, probable sulphite reductase a subunit 4/38, 11/12 

Nml365: cysD, probable sulphate adenylate transferase subunit 2 19/29 

Nm 1 366: cysH, probable phosphoadenosinephosphosulfate reductase 8/32 

Nml367: cysG, sirohaem synthase 53/16 

Nml369: unknown, similar to the C-terminal half of bacterial hypothetical proteins 8/34, 63/5 
Nml371: vacBy probable ribonuclease 40/33 

Nml372: guaB, probable inosine-5'-monophosphate dehydrogenase 65/17 

Nml373: unknown 11/32,27/42 

Nmi375: possible transcriptional regulator 95/8 

Nml3SI: probable integral membrane protein 74/27 

Nml385: probable type I restiiction-modification system modification protein 93/14 

Nml393: possible ABC transporter ATP-binding protein 11/31 
Nml395: horn, probable homoserine dehydrogenase 16/37 



Nm 1401: recD, exodeoxyribonuclease V a subunit 13/5',14/39', 31/25 
Nml408: unknown 12/31 

Nml409: probable ABC-transpoiler ATP-binding protein 10/42, 18/21 
Nml415: unknown 7/47 

Nml417: possible molybdopterin-guanine dinucleotidc biosynthesis protein A 10/20, 34/28 

Nml4l8: probable two-component system sensor kinase 87/16 

Nml42l : purM, probable phosphoribosylformylglycinamidinc cyclo-Iigasc 7/5 

Nml425: ribA, probable OTP cyck)hydroiase 11 91/3 

Nml427: probable glycosyl transferase 42/9 

Nml435: unknown within a region of low G ^C % 19/6, 90/47 

NmJ438: possible integral membrane protein 15/6 

Nml440: thrC, probable threonine synihase 87/24 

Nml44I: unknown 21/31 

Nm 1445: im known 9/15 

Nml448: mdC, probable DNA repair protein 3/36, 4/45 

Nml450: leuCy probable 3-isopropyImahite dehydratase large subunii 68/2 

Nml456: leuB, probable 3-isopn^j:)yimalate dehydrogenase 4/9, 40/35 
Nm 1459: aspA, probable aspartate ammorii.'.i-lyase 1 9/34, 44/45, 52/9 



96/1 



12/18Nmll95: 
6/33 



Nml200: 



unknown 
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tNml 111: unknown 18/19 

Nm I n S: /a; OvlP^N-acetyinairanins^^ 9/46, 6540, 73/46, 94/8 

Nmll26: probable transmembrane transport protein 46/38 

Nml 136: metX, probable homoserine 0-acetyltransferase 3/11, 14/42 

Nml 138: rpmE2, possible additional 50S ribosomaJ protein L31 96/2 

Nmi 139: metF^ probable 5, lO-methylenetetrahydrofolate reductcise 92/29 

Nml 140: /7*i2£^pn±d:le5nTEJhyiteaaf^ 

Nml 143: sdhC, probable succinate dehydrogenase cytochrome B subunit 92/23 

Nml 145: sdhA, probable succinate dehydrogenase flavoprotein subunit 4/39 

Nml 146: sdhB, probable succinate dehydrogenase iron-sulphur protein 18/44 

Nml 148: gUA, probable curate synthase 16/6*, 20/34% 81/36 

Nml 149: sucA, probable 2-oxoglutarate dehydrogenase El component 15/24 

Nml 152: possible membrane plrotein 13/7, 93/18, 95/6Nnil 162: unknovv-n 96/1 

Nml 163: trpG, probable anthxaniiate synthase component 11 26/22', 48/1* 

Nml 164: trpD, probable anthranilate phosphoribosyi transferase 9/19 

Nml 174: unknown 11/45 

Nml 184: possible lipoprotein 11/25 

Nml 186: unknown 12/18 

Nml l95:unknown6/33 

Nml200: probable surface fibril protein 47/19*, 52/12* 
Nml 206: probable oxldoreduaase 6/48, 34/8, 77/17 
Nml207: unknown 14/24 

Nml228: unknown within a region of unusually low G+C % 23/29 

Nml 243: probable sulphate-binding protein 7/26 
Nml248: possible periplasmic protein 5/37 

Nml 249: abcZ, probable ABC transporter ATP-binding protein 2/8, 78/6 
Nml 250: dedA, hypothetical protein 19/5 

Nmi254: gfyA, probable serine hydroxymethyltransferase 42/20 
Nml255: jgt, probable gamma-giutamyltranspeptidase 14/8, 92/27, 94/15 
Nml 263: unknown 89/16 
Nml272: unknown 95/2 

Nml276: possible membrane protein 5/43, 16/13, 20/4 

Nml 285: unknown 94/37 

Nml286: possible phage transposase 82/19 

Nml 307: unkno^^ 95/32 

Nml313: unknown 18/13, 22/18, 94/35 

Nml315: unkno^^rn IS/Ol, 93/10 

Nml325: possible phage tail 5bre protein 15/19 

Nml 33 1: ABC transporter ATP-binding protein 3/43, 22/25 

Nml 334; possible periplasmic protein 1/32, 43/17 

Nml 341: unknown 12/46 

Nml 348: unknown 76/13 

Nm 1351: possible RNA methyitransferase 76/37 

Nm 1 3 56: /Tp^ pcssfcfeLO'-N-acervinii^^ 1^-15 

Nml 362: cysl, probable sulphite reductase subunit 25/23 

Nrnl363: probable sulphite reductase a subunit 4/38, 1 1/12 

Nml 365: cysD, probable sulphate adenylate transferase subunit 2 19/29 

Nml 366: rysH, probable phosphoadenosinephosphosulfate reductase 8/32 

Nml 367: cysG, sirohaem synthase 53/16 

Nml 369: unkno^^, similar to the C-terminal half of bacterial hypothetical proteins 8/34, 63/5 
Nml 371: mcB, probable ribonuclease 40/33 

Nml 3 72: gitaB, probable inosineO'-monophosphate dehydrogenase 65/17 

Nml 373: unknown i 1/32, 27/42 

Nml 375: possible tnmscriptional regulator 95/S 

N'ml3Sl: probable integral membrane proidn 74/27 

Nml 385: probable type I restriction-moditication system modification protein 93/14 
Nmn93: possible /VBC transporter ATP-binding protein 11/31 
Nn\1395; hom^ probable homoserine dehydrogenase 16/37 
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Nml460: probable integral membrane protein 1 1/27 (cntd) 
Nm 1461 : probable JwaAfamily protein 5/35 
Nml465: unknown 95/25 

Nml466: probable type IH restriction-modification system endonuclease protein 8/43 
Nml467: type III restriction-modificaiion system 4/25 
Nmi473: unioiown 15/35 

NmI475: unknown 7/31, 8/8S 8/18', 92/5", 92/12'% 92/44 

Nml482: probable acyl-CoA ligase 5/39 

Nml483: probable transmembrane transport protein 10/34, 14/1 1 
Nml485: gcr, site-specific recombinase 13/39, 15/48 
Nml491: mfd, transcription-repair coupling factor 14/3 



Nml500: probable modification methylase 19/37% 36/37* 

Nml507: possible membrane-bound lytic murein transglycosylase 5/28, 86/5, 90/27 

Nml508: possible ribosomal small subunit pseudouridine synthase 19/21,56/44 

Nml 509: possible sodium-dependent transporter 25/25 

NmlSIS: oi^C alcohol ddT>dix^en^ 

Nml 5 19: esd, esterase D 13/44 

Nml 523: possible lipoprotein 19/4 

Nml 528: nraAy uracil permease 10/22, 40/6 

Nml533: conserved hypothetical integral membrane protein 7/14 

Nml 540: tivrC, excinuclease ABC subunit C 63/12 

Nml 541: unknown 3/5 

Nml 542: conserved hypothetical protein 96/42 
Nm 1 545: iivrB, excinuclease ABC subunit B 43/4 
Nml 547: possible secreted lysine-rich protein 8/3 
Nml 557: unknown 11/11 

Nml 558: possible TonB-dependent receptor protein 1/31 

Nml 565: probable aldehyde dehydrogenase 2/36 

Nml 571: iron/sulphur-bmding oxidoreductase 90/18 

Nml 574: possible integral membrane transporter 1 1/35, 46/17, 74/48 

Nml 575: xseA, exonuclease VII large subunit 6/23 

Nm J 577: unknown 12/6 

Nml 579: unknown 19/48, 66/14 

Nml 580: probable ATP-dependent RNA helicase 53/9 

Nml584: argD, acetylomithine aminotransferase 9/48 

Nml589: conserved hypothetical protein 45/18 

Nml 590: probable type III restriction/modification system modification methylase 15/5 
Nml 592: lldA, L-lactate dehydrogenase 8/4% 20/1% 77/12 



Nml 603: unknown 96/13 

NmJ6l7: sodC, superoxide dismutase 1/47 

Nml 639: probable integral membrane protein 61/48 

Nml 642: porA, porin, class 1 outer membrane protein 6/4 

Nml 645: possible lipoprotein 92/13 

Nml 646: phospholipase D-lamily protein 8/36, 14/4, 40/22, 95/48 

Nml 647: probable integral membrane protein 4/14, 10/3, 27/35 

Nm 1660: rep, ATP-dependent DNA helicase 22/2 

Nml 665: possible DNA polymerase III subunit 3/48, 9/27 

Nml 679: ppX/f^pp/i, possible cxophosphatase 4/44 

Nnil687: probable glutamutc dehydrogenase 15/36 

Nml 689: possible regulatory protein 9/9 

Nml 690: unknown 11/4 



Nm 1702: / W/. riboiujc lease 6/34% 8/39^ 

Nml 709: binding-protein-dependent transport :%ystems inner membrane protein 3/28, 8/9 

Nml 71 5: possible integral membrane protein 1 1/20 

Nml 720: unknown 8/26 

Nni I 722: pussiblo cis-lrans isomcrase 3/47 

NnTl723: possible proline-rich repeal protein 96/24 
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Nml401: r^cD, exodeoxyribonudease V a subunu 14/39', 31/25 
Nml40S: unknown 12/31 

Nml409: probable ABC -transporter ATP-binding protein 10/42, 18/21 

Nml41 5: unknown 7/47 AtA/-,n^iy^^ 

Kml4l7: possible mo lybdo pterin-guanine dinucleotide biosynthesis protein A IU/2U, J4/-.a 

Nml418: probable two-component system sensor kinase 87/16 

Nml421:/?2/rM probable phosphoribosyiformylgiycinamidine cycio-ligase 7/5 

Nml425: rib A, probable GTP cyclohydrolase 11 91/3 

Nml427: probable glycosyl transferase 42/9 

Nml435: unknown '^vithin a region of low G+C % 19/6, 90/47 

Nml438: possible integral membrane protein 15/6 

Nml440: thrC, probable threonine synthase 87/24 

Nml441: unknown 21/31 

Nml445: unkno wn 9/15 

Nml448: radC, probable DNA repair protein 3/36, 4/45 

Nml450: leuC, probable 3-isopropylmalate dehydratase large subunit 68/2 

Nml456: le-us] probable 3-isopropylmalate dehydrogenase 4/9, 40/35 

NmI459: aspA, probable aspartate ammonia-lyase 19/34, 44/45, 52/9 

Nml460: probable integral membrane protein 11/27 

Nml46l: probable ^ZwoZ-family protein 5/35 

Nml465: unknown 95/25 . 
Nml466: probable type Til restriction-modification system endonuciease protem 5/^^ 
Nml467: t>-pe III rest notion- modification system 4/25 
Nml473: unknown 15/35 

NmI475: unknown 7/31, 8/8% 8/18% 92/5", 92/12", 92/44 
Nml482: probable acyl-CoA ligase 5/39 

NmI483: probable transmembrane transport protein 10/34, 14/11 
Nml485; gcr, site-specific recombinase 13/39, 15/48 
Nml49i: mfd, transcription-repair coupling factor 14/3 

NmlSOO: probable modification methylase 19/37', 36/37' 

Nml507: possible membrane-bound lytic murein transglycosylase 5/28, 86/5, 90/27 

Nml50S: possible ribosomal small subunit pseudouridine synthase 19/21, 56/44 

Nml509 possible sodium-dependent transporter 25/25 ^ 

Nm 1 5 1 3: a^.akxixiddr^ditfie^ 18/2:^34/26,94/^ 

Nml5I9: esd, esterase D 13/44 

Nml523: possible lipoprotein 19/4 

Nml52S: uroA, uracil permease 10/22, 40/6 

Nml533: conserved hypothetical integral membrane protein 7/14 

Nml540: uyrC, excinuclease ABC subunit C 63/12 

Nm 1 54 1 : unknown 3/5 

Nml542: conserv-ed hypothetical protein 96/42 
■Nml545: uvrB, excinuclease .ABC subunit B 43/4 
Nml547: possible secreted lysine-rich protein 8/3 
Nml557: unknown 11/11 

Nml553: possible TonE-dependent receptor protein 1/31 

Nml565: probable aldehyde dehydrogenase 2/36 

Km 1 57 1: iron/sulphur-binding oxidoreductase 90/18 

Nml574: possible integral membrane transporter 11/35, 46/17, 74/48 

Nml 575: xseA^ exonuclease Vll large subunit 6/23 

Nml577: unknov/n 12/6 

Nml 579: uPukjiov/Ti 19/48, 66/14 

Nml 580: probable ATP -dependent RNA helicase 53/9 

Nml 584: cirgD, acetylomithine aminotransferase 9/48 

N*ml5S9: conserved hypochetical protein 45/18 ^ ' 

Nml 590: probable typo III restriction/modificaiion system modification methylase Id/3 
NFr.1592: IkiA, L-lactate dehydrogenase 8/4', 20/r, 77/12 



Nml 603: unknown 96/13 



1^' filing 



Date modified 15/11/02 



43/163 

Figure 2 A 

Mm 1727: rfaF, ADP-heptose:LPS heplosyJtransferase II 70/7 (cntd) 

Nml73I: conserved hypothetical protein 94/27 

Nml740: IhpB, lactoferrin-binding protein 37/17 

Nnal75] : possible family transcriptional regulator 90/30 

Nm ! 754 : unknown 1 4/35 

Nmi755: piirN, phosphoribosylglycimimide transfonmylase 2/2 
NmI756: possible peptidyl-prolyl isomenise l/42» 15/10 
NmI765: /7v//, acetolactate synthase isozyme III small subunit 52/29 
Nml767: possible lipoprotein 96/34 

Nmi77l: hisC, histidinol-phosphate aminotransferase 19/39 

Nml775: partial ORF 93/46 

NmI778: possible secreted protease 35/1 

Nml783: AraC- family transcriptional regulator 51/3 

Nml785: conserved hypothetical integral membrane protein 96/15 

Nml786: possible polyamine permease substrate-binding protein 29/6, 96/5 



Nm 1 812: fumA, fiimarate hydratase 2/15, 4/41 

Nml816: conserved, possible DNA-binding, hypothetical protein 93/1.2 
Nm]819: conserved hypothetical protein 12/35, 92/21 
Nml820: gpxA, glutathione peroxidase 1/13 

NmI886: nor, nitric oxide reductase 4/30, 8/38, 10/7, 12/43, 13/20, 67/32, 80/16 
Nml887: aniA^ nitrite reductase 17/6 
Nml892: conserved hypothetical protein 2/27 
NmI894: serCy phosphoser'me aminotransferase 36/4 



Nml900: possible haemolysin 8/12 

Nml901: possible sodium-alanine symporter 2/9, 22/5 

Nml920: apt, adenine phosphoribosyltransferase 9/35, 13/35, 34/1, 49/6 

Nml92I: conserved hypothetical protein 58/4, 86/44 

Nml925: hmbR, haemoglobin receptor 1 1/19, 25/40, 62/9 

Nml928: hypothetical integral membrane protein 93/33 

Nm]929: h3^othetical integral membrane protein 9/40 

Nml934: gcvP, glycine dehydrogenase 4/23, 18/39, 21/35, 32/27, 47/4 

'Nml935: unknown 59/44, 95/10 

Nml936: probable cytochrome 71/35 

Nml937: XyrB, aromatic amino acid aminotransferase 2/30, 20/19, 47/36, 57/6, 63/23 

Nml938: trmA, tRNA (uracil-5-)-methyl transferase 16/21 

Nml939: aroC, chorismate synthase 88/14 

Nml940: unknown 23/31, 94/19 

Nm 1944: IdhA, D-lactate dehydrogenase 60/10 

Nml946: conserved hypothetical protein 18/28 

Nm 1 95 1 : unknown 4/6, 37/39 

Nm 1 953: unknown 80/23 

Nmi957: fabF2, j-oxoacyNCacyl-can icr-protcin) synthase H 1 1/44, 17/8 
Nml958: loiF, B-1 ,4-gjucosyUransrerasc 3/15\ 23/19', 57/1 V\ 71/8'\ 71/10" 
Nml960: unknown 2/11 

Ninl96): probable integral menibrane ion transporter 10/12 
N]nl969: mlrD, probable drug efflux protein 36/36 
Nml970: mirC^ membrane fusion protein 76/30, 92/42 
Nml973: hypothetical integral membrane protein 2/40, 12/2 
Nml975: possible integral membrane protein 27/20, 94/9 
Nml983: exbD, biopolymcr ininsport protein 85/3 
Ntnl984: exhB, biopojymer transpoil protein 37/33 

Nml996: nail}\ possible pcriplasmic type I secretion system protein, N-terminal region 6/42 

Nni20Wunknowr 12/24*"^ " ' ~" 

Nm2009: unknown 3/10 

Nin20IO: hypothetical protein 5/10, 49/17 

Nm201 1: conserved hypothetical protein 94/36, 95/36 

Nm20I2: conserved hypothetical protein 43/12 
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Nm 1617: sodC, superoxide dismutase 1/47 
Nml639: probable integral membrane protein 61/4S 
Nml 642: porA, porin, class I outer membrane protein 6/4 
Nml645: possible lipoprotein 92/13 

Nml 646: phospholipase D-famiiy protein 8/36, 14/4, 40/22, 95/48 
Nml647: probable integral membrane protein 4/14, 10/3, 27/35 
Nml 660: rep, ATP-dependent DNA helicase 22/2 
Nml665: possible DKA polymerase ITT subunit 3/48, 9/27 
Nml 679: ppX/gppA, possible exophosphatase 4/44 
Nml 687: probable giutamate dehydrogenase 15/36 
Nml 689: possible regulatory protein 9/9 
Nml 690: unknown 11/4 

Nml 702: rbh, ribonuclease 6/34', 8/39' 

Nml 709: binding-protein-dependent transport systems inner membrane protein 3/28, 8/9 

Nml 7 15: possible integral membrane protein 11/20 

Nm 1 720: unknown 8/26 

Nml 722: possible cis-trans isomerase 3/47 

Nml 723: possible proline-rich repeat protein 96/24 

Nml 727: rJaF, ADP-heptose:LPS heptosyltransferase IT 70/7 

Nml 731: conser\'ed hypothetical protein 94/27 

Nml 740: IhpB, lactoferrin-binding protein 37/17 

Nml 75 1: possible ^//?-fanuiy transcriptional regulator 90/30 

Nml754: unknown 14/35 

Nml755: purN, phosphoribosylglycinamide transformylase 2/2 
Nml756: possible peptidyl-prolyl isomerase 1/42, 15/10 
Nml 765: /7v//, acetolactate synthase isozyme in small subunit 52/29 
Nml 767: possible lipoprotein 96/34 

Nml771; hisC, histidinol-phosphate aminotransferase 19/39 

Nml 775: panial ORF 93/46 

Nml778: possible secreted protease 35/1 

Nml 783: AraC-family transcnptional regulator 51/3 

Nml 785: conser/ed hypothetical integral membrane protein 96/15 

Nml 786: possible polyamine permease substrate-binding protein 29/6, 96/5 

Nml 8 12: /umA, fumarate hydratase 2/15, 4/41 

Nml3l6: conser\'ed, possible DNA-binding, hypothetical protein 93/12 
Nml 8 19: conserved hypothetical protein 12/35, 92/21 
Nm!820: gpxA, glutathione pero?ddase 1/13 

t\ml886: nor, nitric oxide reductase 4/30, 8/38, 10/7, 12/43, 13/20, 67,02, 80/16 
Nm 1 887: aniA, nitrite reductase 1 7/6 

Nml 892: conserved hypothetical protein 2/27 

Mm 1 894: serC, phosphoserine aminotransferase 36/4 

Nml 900: possible haemolysin 8/12 

Nml 90 1: possible sodium-aianine 5>Tnporter 2/9, 22/5 

Nml 920: cfpf, adenine phosphoribosyltransferase 9/35, 13/35, 34/1, 49/6 

Nm 1 92 1 : conserved hypothetical protein 5S/4, 86/44 

Nm!925: hnibRy haemoglobin receptor 1 1/19, 25/40, 62/9 

Nml 928: h>'pothetical integral membrane protein 93/33 

Nml 929: hypothetical integral membrane protein 9/40 

Nml 934: gcvP, glycine dehydrogenase 4/23, 18/39, 21/35, 32/27, 47/4 

Nml 935: unkno^vn 59/44, 95/10 

Nml936: probable cytochrome 71/35 

Nml 937: tyrB, aromatic amino acid amino transt erase 2/30, 20/19, 47/36, 57/6, 63/23 

Nml93S: trmA, tRNA (uracil-5-)-methyItransforasc 16/21 

Nm 1939: araC, chorismate synthase 88/14 

Nm 1 940: unknown 23/3 1 , 94/ 1 9 

Nml 944: h//iA, D-lactate dehydrogonaic 60/10 

Nml 946: consci-ved hypothetical protein 18/28 
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Nm20l6: speB^ agmatinase 1/46', 42/46' 
Nm2020: possible integral membrane protein 92/18 
Nm202] : possible phosphoiipase 3/38 
Nm2028: aw/C, N-acetylmuramoyl-L-alanine amidase 78/47 
Nm2029: unknown 7/21 

Nni2036: unknown within a region of low G+C % 56/23 
Nm2038: recO, DNA repair protein 16/44 
Nm2040: possible integral membrane efflux protein 95/33 
Nm2046: hypothetical integral membrane protein 1 1/18 
Nm2048: conserved hypothetical protein 41/12, 81/22 
Nm2052: acnA, aconitate hydratase 38/25 
Nm2054: prpC, citrate synthase 2 8/28, 91/29, 96/30 
Nm2069: probable integral membrane protein 3/4, 31/5 
Nm2076: conserved hypothetical protein 13/2 
Nm2078: possible thiol-.disuiphide interchange protein 2/31, 24/13 
Nni2083: putP, sodium/pro line symporter 30/33 
Nm2084: putA, bifiinctional PutA protein 13/42, 16/10 
NiTi2086: xthA, exodeoxyribonuciease ill 86/31 
Nm2092: nadB, L-aspartate oxidase 2/4, 47/24 
Nm2098: mapA, possible maltose phosphorylase 5/34 
Nni2099: galM^ aldose l-epimerase (mutarotase) 11/10 

Nm2100: possible maltose/Hf symporter 9/38, 70/40 
Nm210 1 : ABG transporter ATP-binding protein 1/19', 5/18', 14/4, 38/23, 90/44 
Nm21 13: ma/B2, adhesin 2/7, 4/42, 10/32,38/24 

Nm2 1 1 8: hypothetical protein within a region of low G+C % 12/32, 24/1 1, 68/23 
Nm2120: hypothetical protein within a region of low G+C % 3/23, 78/24 
Nm2122: hypothetical protein within a region of low G+C % 20/13, 29/3 
Nm2123: JrpC\ possible partial CDS 16/30 
Nni2124: possible outer membrane protein 43/5 
Nm2I29: aroE, shikimate dehydrogenase 49/7 

Nni2130: mtgA^ monofunctional biosynthetic peptidoglycan transglycosylase 52/6 
Nni213 1 : possible ABC transporter ATP-binding protein 13/10 
Nm2i36: ial, transaldolase 92/9 

'Nm2 137: hypothetical protein within a region of low G+C % 1 1/14\ 1 1/42', 96/47 
Nm2 !40: conserved hypothetical protein 1/11, 4/13, 66/4 
Nm2j42: possible periplasmic hypothetical protein 46/40 
Nm2l45: possible morphogene 19/45, 23/18, 32/22, 75/47 

Nm2146: ispA, Neisseria-spQcinc antigen protein 9/9 

Nm2i5]: iivE, probable branched-chain amino acid aminotransferase 41/31, 66/34 
■Nm2155: pilG, pilus-assembly protein 2/19, 14/45, 25/19, 67/33, 85/28 
Nm2!56: piiD, prepilin leader peptidase 4/!6 
Nm2158: conserved hypothetical protein 1/10 
Nm2] 59: /?///'', type IV pilus assembly protein 73/27 
Nm2l67: hypolhelica! protein I/I2 

Nm2168: emrfj, multidrug resistance translocase 33/39, 57/48 
Nin2 171: conserved hypothetical inner membrane protein 4/35, 6/20 
Nm2172: conserved hypothetical protein, possible peptidase 6/38 
Nni2174: conserved hypothetical protein 6/41 
Nm2i73: vap4, possible virulence associat-jd protein 29/25 
Nm2178: conserved hypothetical protein 2/48 

Nm2 1 80: aroCi phospho-2-deliydn>3-deoxyheptonate aldolase 78/10 

Nm2 1 83: op'jfi, outer membrane protein 32/30 

Nm2186: hypothetical protein 19/22 

Nm2 ! 89: hypothetical inner membrane protein 2/6', 2/10' 

Nm2l93: possible TonB-dependent receptor protein 71/23 

Nnr2200: £///?7;!i probi{brc"~A'^^ DNA helkTase 83/44~ ~ " 

Nm2204: hypothetical protein 1/23,3/12 

Nni2212: irpC, indole-:> -glycerol phosi)hatc synthase 83/13 



Figure 2A 
(cntd) 



received 15/11/02 

44/163 

Figure 2A 
(cntd) 

Nm 1 95 1 : unknowD 4/6, 37/39 
Nml953: unknown 80/23 

Nm]957: fabF2, j-oxoacyHacyl-carrier-protein) synthase 11 11/44, 17/8 
Nml95S: /^/F. l3~1.4>g]ucosvltransfcrase 3/15'. 23/19', 57/1 r\ 71/8", 71/10^' 
Nm 1 960: unknown 2/1 1 

Nm]961: probable inlegraJ membrane ion transporter 10/12 
Nm]969: mtrD, probable drug efflux protein 36/36 
Nml970: mtrC, membrane fusion protein 76/30, 92/42 
Nml973: hypothetical integral membrane protein 2/40, 12/2 
Nm]975: possible integral membrane protein 27/20, 94/9 
Nml9S3: exbD, biopolymer transport protein 85/3 
Nm J 984: exbB, biopolymer transport protein 37/33 

Nml996: natD\ possible periplasmic type I secretion system protein, K-terminal region 6/42 

Nm2007: unknown 12/24 

Nm2009: unknown 3/10 

Nm20i0: hypothetical protein 5/10, 49/17 

Nm20n: conserved hypotheticai protein 94/36, 95/36 

NnrL20]2: conserved hypotheticai protein 43/12 

Nm20l6: speB, agmatinase 1/46', 42/46' 

Nm2020: possible integral membrane protein 92/18 

Nm2021: possible phospholipase 3/38 

Nm2028: caviC, N-acerylmuramoyJ-L-alanine amidase 78/47 
Nm2029: unknown 7/21 

Nm2036: unknown within a region of low G+C % 56/23 

Nm2038: recO, DNA repair protein 16/44 

Nm2040: possible integral membrane efflux protein 95/33 

Nm2046: hypothetical integral membrane protein 11/18 

Nm2048: conserved hypothetical protein 41/12, 81/22 

Nm2052: acnA, aconitate hydratase 38/25 

Nm2054: prpC, citrate synthase 2 S/28, 91/29, 96/30 

Nm2069: probable integral membrane protein 5/4, 31/5 

Nm2076: conserved hypothetical protein 13/2 

NmL2078: possible thioi-disulphide interchange protein 2/31, 24/13 

Nm2083: puiP, sodium/proline symporter 30/33 

Nm2084: pitiA, bifunctional Put A protein 13/42, 16/10 

Nm2086: xihA, exodeoxyribonuciease III 86/31 

KmJ2092: nadB, L-aspaitate oxidase 2/4, 47/24 

Nm2098: map A, possible maltose phosphorylase 5/34 

Nm2099: golM^ aldose l-epunerase (mutarotase) 11/10 

Nni2l00: possible maltose/H* syTnporter 9/38, 70/40 

Nm2101: ABC transporter ATP-binding protein 1/19% 5/18% 14/4,38/25, 90/44 
Nm2l 13: ma/B2, adhesin 2/7, 4/42, 10/32, 38/24 

Nni21 18: h>'potheEical protein within a region oflow CH-C % 12/32, 24/11, 68/23 
Nm2120: hypothetical protein within a region of low G^C % 3/23. 78/24 
Nm2122: hypothetical protein within a region oflow G^C % 20/13, 29/3 
l^na\22:JrpC, possible partial CDS 16/30 
Nm2124: possible outer membrane protein 43/5 
NiTi2129: aroE, shikimate dehydrogenase 49/7 

Nm2l30: migA, monofunctionaJ biosynthetic peptidogiycan transgiycosylase 52/6 
Nm213 1: possible ABC transporter ATP-binding protein 13/10 
Nm2 1 36: tol, transaJdolase 92/9 

Nm2137: hypothetical protein witliin a region oflow C-J-C % 1 1/14% 11/42% 96/47 
Nm2140: conserved hypothetical protein 1/11, 4/13, 66/4- 
Nm2142: possible periplasmic hypotlielicaJ protein 46/40 
Nni2I45: possible morphogene 19/45, 23/18, 32/22, 75/47 
Nm2146: ispA, /Veisseria-sctdfic antiGcn protein 9/9 

Nm215l: i/vE, probable branched-chain amino acid aminotransferase 41/31, 66/34 
Nm2155: pilG, pilus-asscm.bly protein 2/19, 14/45, 25/19, 67/33, 85/28 
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Figure 2A 

Nm22 1 6: possible hydrolase 75/1 1 (cntd) 

Nm22J8: possible tRNA/rR"N A methyllransfcrdse 1/15 

Nljn2223: probable ABC transporter 16/9 

NTn2225: xve/Sf, cxodeoxyribonuclcasc small subunil 42/37 

NrnlTs o7 Nrn2057//24^ 

Nm293 orNm609: pi]C2 or pi/C J ^ pilus-associaled protein 5/42 

Nm525 or ^^527: /<^//?, lacio-N-neotetraose biosynthesis glycosyl tranfcrase 3/39 

Nm690 or >Jm692: unknown 91/33 

Nm788 or Nml626; i^iA aJjjC\&i(mxm 3/17, 4/36% 7/36', 9/1, 13/41, 18/36, 19/7, 21/17", 24/17", 27/28, 65/27, 
67/22 

NiTj 1 1 67 or Nm 1 999: possible phaoc protein 1 2/37, 1 8/37 

Nnil 1 69 or Nm2001 : unknown 78/44 

Nml 196 orNmlSlO: unknown 8/44 

Nm 11 86 or Nm 1 3 6 1 : unknown 49/23, 56/37 

Nm 1 3 1 3 or Nm 1 852: unknown 20/1 6 
Nm]780 or Mm 1781: doubtful ORFs 94/44 



'NmB65: hypothetical protein 61/44, 77/4 
NmB69: siaB., polysialic acid capsule bios^'nthesis protein 28/22 
>JmB70: synX, polysialic acid capsule biosynthesis protein 77/19 
NmB9 1 : hypothetical protein 1/4 

NmB98: ABC transporter, ATP-binding protein 7/23, 65/6, 69/1 
NmB223: hj'pothetical protein 30/6 
NmB372: hypoUietical protein 84/20 

NmB493: hemagglutinin/hemolysin-related protein 11/1, J2/1 

NmB648: hypothetical protein 5/40 

K'mB653: MafB-related protein 12/2 J 

lv3mB896: integrase 16/22, 43/15, 94/14 

MmB1502: hypotlietical protein 4/3, 76/31 

>3mB1603 tellurite resistance protein 28/10 

NmB]759: conserved h^^pothetical protein 9/10 

NmB 1768: hemagglutinin/hemolysin-related protein 67/27 

NmB 1 77 1 : hypothetical protein 29/41 

NmB 1 772: hypothetical protein 16/25 

NmB 1829: TonB-dependent receptor 4/32, 47/2 

NmB 1830: putative phosphogli'coi ale phosphatase 4/10 

NmB 1854: hypothetical protein 43/48 

NmB 1926: /g/E, lacto-N-neotetraosc biosyntliesis glycosyl transferase 79/25 
NmB2132: transferrin -binding protein-related protein 93/5 

NmB497 orNniB1779: hemagglutinin/i^emoJysin-related protein 14/2.6, 17/21 
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Nm2156: pilD, prepilin leader peptidase 4/16 
Nm2158: conserved hypothetical protein I/IO 
Nm2159: pilF, type I V pilus assembly protein 73/27 
Nrri2167: hypothetical protein 1/12 

Nnn2]68: emrB^ multidrug resistance translocase 33/39, 57/48 
Nm2]71; conserved hypothetical inner membrane protein 4/35, 6/20 
Nm2172: conserved hypothetical protein, possible peptidase 6/38 
Nm2n4: conserved hypotheticaJ protein 6/41 
Nm2175: vapA, possible virulence associated protein 29/25 
Nm2178: conserved hypothetical protein 2/48 

Nni2180; aroG, phospho-2-dehydro-3-deo>:yheptonate aldolase 78/10 

Nm2183: opcB, outer membrane protein 32/30 

Nm2l86: hypothetical protein 19/22 

Nm2l89: hypothetical inner membrane protein 2/6', 2/10' 

Nm2193: possible TonB-dependent receptor protein 71/23 

Nm2200: dinG, probable ATP-dependcnt DNA helicase 83/44 

Nm2204: hj'pothetical protein 1/23, 3/12 

Nm2212: irpC, indole-3-glycerol phosphate synthase 83/13 

Nm2216: possible hydrolase 75/11 

Nm2218: possible tilNA/rRNA methyi transferase 1/15 

Nm2223: probable ABC transporter 16/9 

Nm2225: xseB, exodeoxyribonuciease small subunit 42/37 

Nml8S or Nm205: /M^^^cos^li^o^iTatethyTra^ 35/36\ 35/39% 31 IT. 58/8 

NiTi293 orNm609: pUC2 or pilCl, pilus-associated protein 5/42 
Nm525 or Nm527: IgtB, lacto-N-neotetraose biosynthesis glvcosvl tranferase 3/39 
Nm690 or Nm692: unknown 91/33 

Nm788 or NmI626; ^ cr>?X:,efl3taxin 3/17, 4/36', 7/36% 9/1, 13/41, 18/36, 19/7, 21/17'% 24/17^% 27/28, 65/27, 
67/22 

Nmil67 or Nml999: possible phage protein 12/37, 18/37 

Nml 1 69 or Nm200 1 : unknown 78/44 

Nml 196 or Nml 3 10: unknown 8/44 

Nml 186 or NmI301: unknown 49/23, 56/37 

Nml313 or Nml852: unknown 20/16 

Nml 780 or Nml 781: doubtful ORFs 94/44 



NmB65: hypothetical protein 61/44. 77/4 

NmB69: siaB, poly sialic acid capsule biosynthesis protein 28/22 
NmB70: syfiX, polysialic acid capsule biosynthesis protein 77/19 
NmB91: hypothetical protein 1/4 

NmB98: ABC transporter, ATP-binding protein 7/23, 65/6, 69/1 
NniB223: hypothetical protein 30/6 
NniB372: hypothetical protein 84/20 

Nm3493: hemagglutinin/hemolysin-related protein 11/1, 12/1 
NmB648: hypotheticaJ protein 5/40 
NniB653: MafB-related protein 12/21 
NmB896: integrase 16/22, 43/15, 94/14 
NmB1502: hypothetical protein 4/3, 76/31 
NmB1603 tellurite resistance protein 28/10 
NmBI759: conser\'ed hypothetical protein 9/10 
NmB176S: hemagglutinin/hemolysin-reiated prctein 67/27 
NmB1771: hvT/Othetica] protein 29/41 
NmB1772: hypothetical protein 16/25 
NinBlS29. ToaB-dependent receptor 4/32. 47/2 
NmBl'S30: putative phosphoglycolate phosphatase 4/10 
NniBlS54: hypotbeticai protein 43/48 

N[n B19 26 h^(F., jacl o-N-neotet raose bi osynt h esis g lvcosv l tran sferase 79/2 5 

NmB2i32: uaii^fcrrin-binding protein-related protein 93/5 

NmB497 or NmB1779. hernaggiutinin/hemolysin-relatcd protein 14/26, 17/21 
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Figure 3 
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ctr8, capsule export mner- 
membrane protein 
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Figure 4A 



Q cirA^ capsule export outer membrane protein (NmB71): mutant 43/8 



Mutant ctrA in complemented serum 




1,E+05 f 

o 

1.E+04 
1.E+03 
1.E+02 



. Control 
- Wild 
Mutant 43/8 



1 2 3 
Time in hours 



Figure 4B 



Mutant CtrA in decomplemented serum 



1.00E+09 1 
1.00E+08 
1,00E+07 
1,00E+06 
1,00E+O5 Y 
1.00E+04 - 
1,00E+03 
1.00E+02 




■ Control 
' Wild 
Mutant 43/8 



1 2 3 
Time in hours 



1'^ filing 
144/163 



Figure SA 

Q just ahead c/ri?, capsule export inner-membrane protein (NmB72): mutant 40/45 
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Figure 6 A 

Q c/rC, capsule export inner-mcinbrane protein (NmB73): mutant 85/40 
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Fi£ure 7 A 

Q c/r2), capsule export ATP-binding protein ( NmB74) : mutant 93/47 
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Figure 8 A 

Q siaA, sialic acid biosynthesis protein (NmB70) : mutant 77/19 
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Figure 9A 

□ siaBy sialic acid biosynthesis protein (NmB69) : mutant 28/22 
Mutant siaB in complemented serum 
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Figure 1 OA 

Q siaA-cirAj intergenic region: mutant 3/16 



Mutant siaA-ctrA in complemented serum 
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Fifiure 11 A 

□ iipAy capsule phospholipid modification protein (NmB82) : mutant 58/48 
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Figure 12A 

Q lipB^ capsule phospholipid modification protein (NmB83): mutant 19/14 



Mutant lipB in complemented serum 
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Figure 13 A 

□ IgiA, lacto-N-neotetraose biosynthesis glycosyl transferase (NmBl929): mutant 
56/17 



Mutant IgtA in complemented serum 
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Figure 13B 



Mutant IgtA in decomplemented serum 




Uj 1,00E+05 
1.00E+04 - 
1. ODE +03 - 
1.00E+02 



■ Control 
Wild 

Mutant 56/17 



2 3 
Time in hours 



1^' filing 
153/163 



Figure 14A 

Q IgiE, lacto-N-neotetraose biosynthesis glycosyl transferase (NmB1926): mutant 
3/39 
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Figure ISA 

□ IgtF^ -1, 4- glucosyl transferase (NmBl 704): mutant 71/8 
Mutant Igt Fen complemented serum 
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Figure 15B 
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Figure 16 A 

□ rfaD, ADP-L-glycero-D-mannoheptose epimerase (NniB828): mutant 47/39 



Mutant rfaD in complemented serum 
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Figure 16B 
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Fieure 17A 

Q rfaE^ ADP-heptose synthetase (NmB825) : mutant 13/6 
Mutant rfaE in complemented serum 
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Figure 18A 

° Pg'^'^ phosphoglucotnutase (NmB790): mutant 25/5 
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Figure 19 A 

□ galC/y UTP-glucosc-l-phosphate uridylyltransferase (NinB638): mutant 32/37 
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Figure 20 A 

Q flw/, possible cytidylyltransferase (NmB2076) : mutant 55/48 
Mutant aut in complemented serum 
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Figure 21 A 

Q hypothetical protein (NmB065): mutant 61/44 



UL 

O 



Mutant NinB065 in complemented serum 



1.00E+08 
1.00E+07 
1.00E+06 
1.00E+05 4^ 
1,00E+04 - 
1.00E+03 - 
1.00E+02 - 
1.00E+01 - 
1.00E+00 - 



Control 
Wild 

Mutant 61/44 



Time in hours 



Figure 21 B 



Mutant NmB065 in decomplemented serum 



1.00E+08 T 
1.00E+07 
1.00E+06 - 



2 1,00E+05 ^' 



1.00E+04 - 
1.00E+03 - 
1.00C*02 




Control 
Wild 
Mutant 61/44 



2 3 
Time in hours 



1'^ filing 
161/163 



Figure 22A 

a just ahead sugar isomerase (NmB352): mutant 33/7 
Mutant NmB3S2 in complemented serum 
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1.00E+08 
1,00E+07 - 
1.00E+06 ■ 
2 1.00E+05 
1.00E+04 - 
1,00E+03 - 
1.00E+02 




-Control 

- Wild • 
Mutant 33/7 



2 3 

Time in hours 



1'' filing 
162/163 



Figure 23 A 



a unkown gene: mutant 63/19 
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Figure 24A 



Q unkown gene: mutant 76/14 
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